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Summary

Monoamine oxidase B (MAO-B) catalyzes the decomposition of monoamines in food and is
primarily responsible for neurotransmitter activities associated with Parkinson's and Alzheimer's
diseases. In recent years, many selective inhibitors of MAO-B have been studied, especially
chalcone derivatives, which are simple compounds belonging to the large structural group of
flavonoids. This research aims to build docking models to predict the inhibitory ability of chalcone
derivatives with monoamine oxidase B enzyme. Substances with good results from the docking
model would be molecular dynamics simulated to investigate their ability to inhibit monoamine
oxidase B enzyme. As the results, most of the compounds are well bound and able to inhibit
monoamine oxidase B enzyme. Thereby, these results have confirmed the ability to inhibit

monoamine oxidase B enzyme of most chalcone compounds.
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Dat van dé

Monoamin oxidase (MAO) la ho enzym xuc
tac qua trinh oxy hoa clia monoamin chiva déng
yéu t6 flavin adenin denucleotid (FAD) trong cau
tric. O’ ngudi, ¢ hai loai enzym chinh la MAO-A
va MAO-B chiju trach nhiém cho sy trao di chat
clia cac chéat dan truyén than kinh nhw dopamin,
serotonin, adrenalin va noradrenalin. Ca hai
enzym déu lién két & mang ty thé va xdc tac cho
qua trinh phan hdy cac monoamin trong thirc an
cling nhv viéc chiu trach nhiém chinh cho cac
hoat dong dAn truyén than kinh ['. Mac du gibng
nhau 70 % trinh tw acid amin nhwng méi enzym
lai chuyén héa cho mdi co chat khac nhau.
Trong d6, MAO-B chuyén héa cho co chat la
phenylethylamin, N-methylhistamin va dopamin
lién quan dén bénh parkinson va alzheimer. Viéc
e ché hoat dong enzyme MAO-B lam ngéan
chan phan hdy nén tang cwong hoat dong
clia chat dan truyén than kinh monoamin.
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Trong nhitng ndm gan day, rat nhiéu chat Gc
ché chon loc trén MAO-B da dwoc nghién clru
va nhiéu thubc dwoc sir dung trén thi trwdng
nhw selegiline, rasagiline. Tuy vay, cac hop chat
chéng oxy héa tét nhw chalcon van chwa co
nhiéu nghién cru khd nang gan két tbt lén
enzyme MAO-B &ng dung trén lam sang.

o
Hinh 1. Céng thirc c4u tao chung
cla cac chalcon nghién ctru

Chalcon ¢6 c4u truc héa hoc chung 1a 1,3-
diaryl-2-propen-1-on (hinh 1), l1a mét phan I&p
ho flavonoid chudi mé&, mang hai vong aryl
dwoc két ndi théng qua mot dém ba carbon,
lién két propenon. Poan propenon chwa bao
hda «, p khéng chi chju trach nhiém vé hoat
tinh sinh hoc ma con déng vai trd quan trong
trong chuyén ddi cau tric chalcon thanh cac
dan xuét khac nhau nhdm ting cwdng hoat
tinh. Hoat tinh sinh hoc cta chalcon bao gém
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hoat tinh chéng viém, chéng ung thw, chéng
oxy héa, khang khuan, chéng lao, khang vi-rut,
chdng sbt rét, bdo vé than kinh... Chinh vi thé,
nghién cu nay xay dwng mdé hinh docking
phan t& va mé phéng dong lwc hoc phan tir dé
dy doan kha nang gang két va danh gia tiém
nang e ché cla cac dan chét chalcon voi
enzym monoamin oxidase B.

D6i twong va phwong phap nghién
ctru

Co s& div liéu

DPéi twong thir nghiém cha dé tai gom 90
hop chét chalcon va dan xuét lay tlr cac bai
b&o va loai nhiéu bdng phan mém Z-score, co
s& div liéu con lai 80 chéat dung dé xay dwng
md hinh mé ta phan t& docking tai khoang gén
két ciia enzym monoamin oxidase B (MAO-B).

Xay dwng mé hinh redocking

Truwéc tién, clu truc protein cla enzym
dwogc tai tr ngan hang di liéu Protein Data
Bank (https://www.rcsb.org) va chudn bj ba
phdi t&r cho quéa trinh redocking. Phéi t&r 1 1a
phéi tr dwoc tach ra tir ciu tric ban dau va gilr
nguyén cau dang. Phéi tir 2 1a phéi t&r 1 duoc
t6i thiéu héa nang lwong Ian 1, chay dong luc
hoc phan t&, sau dé téi thiéu héa nang lwong
lan 2 dé vwot qua rao can nang lwong. Phéi tor
3 la phdi t& tw xdy dwng bang cach vé lai bang
phdn mém ChemDraw, sau do téi thiéu héa
nang lwong lan 1, chay déng lwc hoc phan tr
va cudi cung la téi thidu héa nidng lwong lan 2.
Sau d6 tién hanh redocking bang céng cu
FlexX tich hop trong phan mém LeadIT 2.1.8,
st dung dé docking c4u tric cla protein véi lan
lwot 3 phdi tlr. Quéa trinh redocking la buéc
quan trong dé chirng minh quy trinh docking
trong phuong phap nghién ctru la dang tin cay.
Két qua redocking bao gdm diém sé docking va
gia tri RMSD cua tirng ciu dang phéi t&r. Khi
RMSD cang nhé thi cdu dang cua ligand trong
phirc hop cang gan véi ciu dang cda ligand
doéng két tinh. M6 hinh dang tin cay khi gia tri
RMS[2I]3 cla ba trwdng hgp redocking khong qua
2 A

Docking phan tr

Két qua docking cho biét ai luc gan két cla
ligand va protein va twong tac gilra ligand va
cac acid amin xung quanh. Tién hanh docking
nhd phan mém LeadIT 2.1.8. Xay dung md
hinh docking phan t& gém cac bwéc: Chuén bi
cAu tric protein (1); Chuan bj c4u trac ligand (2);

Xay dwng md hinh khoang gén két (3) va tién
hanh docking va xuét két qua (4). Tuy nhién,
can két hop danh gia gia tri RMSD cua quéa
trinh redocking dé gitp khing dinh thém moé
hinh docking la dang tin cay.

M6 ta dong lwc hoc va danh gia do 6n
dinh ciing nhw tinh linh déng ctia phirc hop

T két qué qua trinh docking, cac chét co6
diém sb tét nhat dwoc tién hanh mé phdng
dong lwc hoc phan t&r (MD) trong th&i gian xac
dinh 1a 20 ns (nano gidy) cho méi phirc hop
protein - phdi t&r bang phan mém GROMACS
2020.4, trwong lwvc CHARMM27. M6éi trwdng
mé6 phéng cho phirc hop la TIP3P (méi trwong
nwéc twong minh) véi khodng cach tir phlrc
hop té¢i canh hop la 1 nm, thém ion va trung
hoa dién tich bang dung dich NaCl 0,15 M.
Qua trinh can bang trwdc mé phdng gébm tbi
thiéu héa ndng lwong va 6n dinh nhiét do6 hé
vé 300 K, ap xuét 0,987 atm (1 bar) véi thoi
gian thiét [ap 100 ps. Mé phéng déng lwc hoc
sau do6 dwoc thyc hién trong 20 ns, v&i 2000
khung hinh (frame). Gia tri RMSD trong qua
trinh mé phdng dé danh gia muc d6 6n dinh
cla cac nguyén tlr cé cong thirc tinh (1). Cau
tric dwoc xem 1a 6n dinh va co y nghia khi
RMSD < 3,0 A B,

RMSD(t1,tp) = \/ﬁngmi [ (¢1)~ri (2 (1)

Bén canh do, gia tri RMSF giup khao sat sw
linh déng clia cac acid amin trong protein hoac
cac nguyén tl* nang cua ligand trong hé va
dwoc tinh toan theo cbéng thire (2). Acid amin
(hodc phéi t&r) dwoc xem 1a linh ddng khi RMSF
>0,2 1,

S L A+, ref2
RMSF,_\/?th:Ar,(tJ)—ri ‘ 2)

Két qua

Két qua redocking

Nghién ctu nay s dung clu tric MAO-B
trong phc hop véi safinamid (pdb id: 2V52Z).
DPay duwoc coi la chat (rc ché thuan nghich va
chon loc trén MAO-B da dwoc FDA cong nhan
trong viéc diéu tri bénh parkinson (2017). Hinh
2 13 c4u trac tinh thé ctia MAO-B bang phuong
phap nhiu xa tia X v&i dd phan giai 1,6 A F.
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a)

b)

Hinh 2. a) - C4u tric tinh thé cia MAO-B trong phirc hop véi chét tre ché safinamid (xanh luc)
b) - Céu truc ligand déng két tinh safinamid (SAG).

Bang 1. Két quéa phan tich
mé hinh redocking cta 2v5z
Phéitr  Diém sé redocking (kJ/mol) RMSD

Phoi e 1 -28,84 0,6349
Phéi tir 2 -32,50 0,6289
Phéi tir 3 -32,18 0,7458

Két qua redocking ligand ddng két tinh SAG
vao cau tric MAO-B dugc trinh bay trong bang
1. Gia tri RMSD clia cac phéi tir déu nhd hon
2 A chirng t6 md hinh docking c6 thé sang loc
va cho két qua dang tin cay. Diém sé docking
clia cac phéi tir thap cho thay tiém nang gan két
tai khoang rat tét.

Hinh 3 thé hién sy twong tac gitra SAG VOi
khoang gan két. Nném amid ctia SAG tao 2 lién
két hydro v&i GIn206 va mét phan tlr nwéc. Két
qua nay phu hop véi nghién clru cla Claudia
Binda va CS. Pl Vj tri hoat dong ciia MAO-B
gdbm 2 khoang la khoang chat nén phia trudc
FAD va khoang 16i vao nam dudi bé mat cla
protein. Nhan thay rang chiéu dai cia SAG gép
phan quan trong vao kha nang trc ché chon loc
MAO-B nh¢ vao viéc dinh hwéng cu thé vao hai
khoang cia MAO-B b&ng cach thiét lap cac
lién két hydro.

Hinh 3. Khoang gén két cia MAO-B (PDB: 2V5Z), mau vang la ligand dong két tinh,
céc twong tac gitra cac acid amin quan trong va ligand dong két tinh SAG.

60

TAP CHI Y DUQC HQC SO 38 - THANG 12/2021



Két qua xay dwng mé hinh docking

Trong sb 80 chat khao sat, co6 64 chat duoc
docking thanh céng vao khoang gan két, tao
thanh 584 ciu dang docking voi diém sb
docking dao doéng tlr -29,66 kJ/mol dén
-16,57 kJ/mol. Hinh 4 cho thay 86 % diém sb
docking ttr -30,00 kJ/mol dén -20,00 kJ/mol thé
hién kha nang gan két kha tét. Tuy nhién, lai
khéng cé chat ndo c6 diém sb docking thap hon
-30,00 kJ/mol.

+<-30
N-30<X <20
220<X<-10
2>-10

Hinh 4. Biéu d6 phan b6
diém s docking ctia MAO-B.
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Hinh 5. Tan suét tuong tac véi
céc acid amin tai khoang gén két MAO-B.

Leul71

lle199
3

i

\
GIn206 \ R

Tyr326  Trp119
Hoh'lZZ‘%

lle316
H

SoDCDw_2008_5a
Diém sb docking = -29,66 kJ/mol
pICsp = 4,30

Trong khoang gan két cac chalcon hinh
thanh twong tac hau hét cac acid amin quan
trong. Trong d6, acid amin GIn206 c6 tan suét
twong tac vuwot trdéi hon tat cd cac acid amin
khac voi ty 1& 98,459 %. GIn206 tao lién két
hydro gitra phéi t&r va MAO-B gitp dinh hwéng
vi tri cac phdi t& trong khoang gan két. Acid
amin Pro102 ciing c6 tAn suét twong tac kha tot
tai khoang. Bén canh céac acid amin, phdi t& con
lién két véi mot sb phan t& nwéc B1088, B1155,
B1229, B1351 tai vi tri hoat déng ciia MAO-B.

SoDCDw_2008_5a & hinh A 1a chét co diém
s6 docking thdp nhat la -29,66 kJ/mol v&i hai
nhém -OH & vong B tao lién két hydro voi
Pro102 va phan t& nuwdc B1229. Cac chat co
cau truc twong tw nhw SoDCDw_2008 5a chi
thay d6i nhom thé & vong A va gilr nguyén hai
nhém -OH & vong B, cé diém sb docking déu
nhd hon -2500 kJ/mol. CAu tric cla
SaAA0S 2014 3 & hinh 6B v&i hai nhém -OH &
vong A tao 2 lien két hydro vitng chéc véi
Pro102. Tuy nhién, néu chu trGc con lai mot
nhém -OH thi ngoai lién két hydro véi Pro102,
géc -C=0 con tao lién két v&i Tyr326 nhung
diém sb docking lai gidm con -29,39 kJ/mol.
Twong tw hai chéat trén, nhirng chat cé hai nhém
-OH & vong A, dic biét Ia vi tri lién k& nhau cé
diém sb docking kha tét. Nhw vay, nhém -OH &
vong A 1a quan trong dé chét co tiém ndng gan
két v&i khoang MAO-B tét hon.
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Hinh 6. Cac phdi ti tiém nang lién két véi céc acid amin tai khoang MAO-B.
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Két qua md phéng dong lwc hoc phan tor

Hai chét c6 tiém nang véi diém sb docking tét
dwoc néu & trén dwoc tién hanh déng luc hoc
phan t&r trong thoi gian 20 ns va danh gia cac
gia tri RMSD va RMSF. Hinh 7A thé hién gia tri
RMSD ciia phirc hop SoDCDw_2008 5a, céu
tric twong d6i bat 6n & 2,5 ns dau véi gia tri
RMSD dao dong lién tuc khoang 1,5 -2,5 A. T
sau 2,5 ns dén 9 ns, gia tri RMSD bé&t dau 6n
dinh va c6 xu huwéng giam dan, dao dong & mirc
gia tri khoang 1,5 — 2 A. T& 9 ns dén cubi qua
trinh, phirc hgp dao dong on dinh v&éi RMSD &
mec 1,5 A, Ngwoc lai, phc hop
SaAAoS 2014 3 dao dong bat 6n trong 1,5 ns

RMSD (nm)
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Thoi gian (ns)

A

dau va bat dau c6 xu hwéng 6n dinh tir 1,5 ns
dén 14 ns voi gia tri RMSD nam trong khoang
gia tri tr 1,5 dén 2 A. Tuy nhién, tlr sau 14 ns
gia tri RMSD clia phirc hop bién déng tang gidm
lién tuc & khoang 1,5 dén 2,5 A (hinh 7B). Két
qua nay cho thay cac gia tri RMSD cua tirng
chat SoDCDw_2008 5a va SaAAoS 2014 3
gan két v&i protein déu nhd hon 2,5 A, diéu nay
c6 nghia 1a protein trong phirc hop protein-phéi
ttr dn dinh va két qua dong lwc hoc cé y nghia.
Trong d6, phirc hgp SoDCDw_2008 5a c6 gia
tri RMSD nhd hon, 6n dinh hon trong thoi gian
20 ns so v@i phirc hgp SaAAoS 2014 3.

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Thoi gian (ns)
B

Hinh 7. Gia tri RMSD ctda phtrc hop SoDCDw_2008 5a (A)
va phirc hop SaAAoS 2014 _3(B)
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Hinh 8. RMSF cuda 2 phirc hop SoDCDw_2008_5a va phtrc hop SaAAoS 2014 3

Hinh 8 cho thdy céc acid amin cuta phirc hop
SoDCDw_2008_5a twong dbi 4n dinh trong qua
trinh md phdng v&i cac gia tri RMSF hau hét gia
tri déu nhé hon 2 A. Tuy nhién, phirc hop ciing
c6 cac vung acid amin linh ddng hon khi gia tri
RMSF > 2 A nhw ving acid amin th& 323 — 383,

dinh 1a acid amin th&r 335 va vung acid amin the
463 — 483 voi dinh gia tri RMSF = 2,681 A cua
acid amin the 469. O khoang hoat dong cla
enzym, SoDCDw_2008 5a twong tac v&i hai
acid amin quan trong GIn206, Pro102 twong déi
on dinh, cho gia tri RMSF lan Iwot 14 0,669 A
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va 1,636 A. Déi voi phirc SaAA0S_2014_3, két
qua RMSF trong hinh 8 kha én dinh, hau hét cac
gia tri déu nhd hon 2 A. Cac twong tac & hai
acid amin quan trong GIn206 va Pro102 kha én
dinh va gia tri RMSF lan lwot l1a 0,709 va
1,232 A. Nhin chung, ca hai phirc hop déu céd
gia tri RMSF ndm trong khoang chép nhan, tuy
vdy gia ti RMSF cia phoc hop
SaAAoS_2014_3 nhé hon han.

Ban luan

M6 hinh docking MAO-B khéng cé chét nao
c6 diém sb docking thap hon -30,00 kJ/mol véi
86 % cac chat déu co diém sb thdp hon
-20,00 kJ/mol. Hai chat c6 két qua docking tot
nhat 1a SoDCDw_2008 5a va SaAAoS_2014 3
v6i diém sé docking 1an lwot -29.66 kJ/mol va
-29.39 kJ/mol. Kha nang gén két thay dbi phu
thuéc vao céu tric chalcon nhw sau: Thém
nhém -OH lam tang khad nang gén két tai
khoang, néu c6 2 nhém -OH lién k& ho&c nhém
-OH & vi tri para trén vong B sé tang twong tac
(1); Nném thé rat quan trong trong viéc ting kha
nang gan két, dac biét la hai nhém -NO, va -OH
(2); Vi tri nhém thé ciing rat quan trong: para >
meta > ortho (3) va vong A cang cong kénh, kha
nang gan két cang gidm (4). Két qua MD cua
phirc hop SoDCDw_2008 5a cho thay protein
trong qua trinh md phéng twong déi én dinh véi
gia tri RMSD dao ddng trong khoang 1,5 — 2 A.
Céc acid amin quan trong trong khoang gan két
ctia phtrc hop cho két qua RMSF déu < 2 A
nhwng phtc hep lai cdé cac vung acid amin kha
linh déng v&i cac gia tri RMSF xap xi 2,5 A. Con
& phirc hop SaAAoS 2014 3 lai cho két qua
kha quan hon khi hau nhw toan bd cac acid
amin déu cé gia tri RMSF < 2 A, ching té cac
acid amin trong phirc hgp nay 6n dinh hon. Tuy
vay phirc hop lai c6 gia tri RMSD dao dong béat
on & giai doan cudi cla qua trinh mé phdéng
nhwng gia ti RMSD van ndm trong nguwéng
chép nhan.

Két luan

Mbé hinh docking phan tir duwoc xay dwng dé
danh gid kha nang gan két véi cac hop chét
chalcon v&i enzym monoamin oxidase B
(MAO-B). Hau hét cac chat nghién clru déu co
kha nang gan két tét tai khoang gan két cta cac

enzym MAO-B. Nhin chung, chalcon va dan
xuat van co tiém nang c ché cac enzym
monoamin oxidase B. Khd nang gan két manh
hay yéu con tuy thudc vao ciu tric cla cac chat
va kha ndng gan két clia chét nay véi nhirng
acid amin quan trong tai vi tri hoat déng cla
enzym. T két quéd MD, nghién ctu nhan thay
hai chét SoDCDw_2008_5a va
SaAAoS 2014 _3 la hai chat (rc ché tiém nang
nhat, cé thé dwoc thwe hién mo phong va phan
tich trong thoi gian dai hon, ddng thoi tinh toan
nang lwong lién két trwdc khi lwa chon thir
nghiém in vitro nhdm khéng dinh tiém n&ng gén
két va trc ché enzyme MAO-B.

Nghién ctru nay dwoc tai tro béi Quy Phat
trién khoa hoc va céng nghé Quéc gia
(NAFOSTED) trong dé tai ma sé 108.05-
2018.15.
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